during April and May of 1997 were associated with chlorophyll enhancement along a hydrographic and a topographic feature. The hydrographic feature was the surface outcrop of the front, which ranged from ,.
Between the spring bloom and the strongly stratified conditions of summer, enhancement of chlorophyll, visible to satellite remote sensing, develops annually along the shelf break of the MAB. Using the coastal zone color scanner (CZCS) archive (1979-1986) with satellite sea surface temperature (SST) and in situ observations, Ryan et al. [1999] define fundamental attributes of this annual biological structure and its association with the shelf break front. During late spring 1997, shelf break chlorophyll enhancement developed in association with propagating meanders of the shelf break front. The primary motivations for this work are to describe the frontal meanders and their influence on biological and physical distributions and to define the apparent mechanism of nutrient enrichment of nearsurface waters at the shelf break. Using satellite-derived chlorophyll from the ocean color and temperature sensor (OCTS), satellite-derived SST and winds, and in situ observations, we examine structure and processes of this localized biological enhancement.
Methods

Satellite-Derived
Observations OCTS imagery and ancillary data required for its processing were acquired from NASA Goddard Space Flight Center. Ancillary data were daily ozone maps from the total ozone mapping spectrometer and meteorological variables from the National Centers for Environmental Prediction [McClain et al., 1994] . A singlescattering algorithm was used for atmospheric correction [Gordon et al., 1983] , and a three-band chlorophyll algorithm [Saitoh et al., 1997] was used for calculating chlorophyll a (hereafter OCTS-Chl). Sea surface temperature (SST) imagery from advanced very high resolution radiometer (AVHRR) satellite instruments was acquired from the Graduate School of Oceanography, University of Rhode Island. OCTS and AVHRR imagery were mapped to the same projection.
NASA scatterometer (NSCAT) wind data were acquired from the Physical Oceanography Distributed Active Archive Center at NASA Jet Propulsion Laboratory (25-km resolution level-two swath data) using the Distributed Oceanographic Data System (Graduate School of Oceanography, University of Rhode Island, 1999, available on-line at http://www.unidata.ucar.edu/ packages/dods/). From NSCAT winds we calculated Ekman pumping, i.e., upwelling and downwelling from wind-driven divergence and convergence of the Ekman layer. These calculations followed the methodology of McUlain et al. [1990] .
In Situ Observations
We used two sources of in situ observations. The 
Results
In section 3.1, we illustrate the chlorophyll enhancement as observed by satellite and in situ and define its association with the meanders that propagated through the region during April and May. In section 3.2, processes are examined from a satellite perspective. In section 3.3, we examine processes from an in situ perspective and define the basis of chlorophyll enhancement at the shelf break. :"'-:, .............................. •., (Figures 4b-4d ; the XBT section did not resolve its core as defined by T/S at 6 m) within the advective domain of the Gulf Stream (Figure 4a ).
Discussion
The hydrography and circulation of the frontal meanders were conducive to upwelling of deeper, relatively nutrient rich shelf water near the shelf break. The hydrographic dist.•rba.nce i_n.t. roduced by the meanders was a relatively steep frontal slope. At a meander trough, observed isopycnal slopes were .•3 times greater than the average slope of the shelf break front. The circulation disturbance introduced by the meanders was seaward flow of shelf water. Both satellite and in situ observations showed that shelf water flowed seaward ahead of the meander troughs. This is consistent with entrainment in the shelf break frontal jet, which flows W-SW. A frontal disturbance that increases frontal slope and induces seaward flow along isopycnals will effectively force upwelling of deeper shelf water. At two meander troughs, we observed shoaling of cold shelf water at the shelf break. The high-resolution SeaSoar observations at one meander trough clearly showed that cold shelf water shoaled >20 m along frontal isopycnals and that absorption by phytoplankton exhibited maxima in direct coincidence with the shoaled water. Thus the supported mechanism of chlorophyll enhancement along the shelf break was upwelling of relatively nutrient rich shelf water along frontal isopycnals inshore of meander troughs. Enhanced OCTS-Chl was evident along the shelf break only where the frontal meander troughs were propagating along the shelf break. Shelf break chlorophyll enhancement was contiguous between three of the meanders that were relatively closely and regularly spaced. The enhanced shelf break chlorophyll reflected not only a history of forcing by the meanders but also all other processes influencing phytoplankton distributions.
The .
•70-km segment of shelf break chlorophyll enhancement directly west of M1 matched the along-shelf dimension of the meander. Further, the OCTS-Chl distribution around M1 indicated shelf-break-meander exchange similar to that so clearly defined for M2 and M3, and the enhanced chlorophyll inshore of M1 moved seaward between May 2 and 5. These observations support the role of along-isopycnal upwelling during seaward flow at the shelf break inshore of Mi. This region of shelf break chlorophyll enhancement was also contiguous with high chlorophyll concentrations in shelf waters shoreward of the shelf break, implying a possible role
